Experiments I and 2 examined the effect of retrieval strategies on 3 or 12 min of recall from a natural category. Experiment 3 examined the effect of strategy on 6 min of recall from a subset of a category presented as a list. In Experiments 1 and 2, a large recall deficit was produced by retrieval strategies involving recall in alphabetic order and by size of the words' referents, relative to free recall. In Experiment 3, four strategies, alphabetic, size, serial order, and free recall, gave similar levels of recall after 6 min, though the growth rate of the cumulative output functions differed among the strategies. An extension of the search of associative memory (SAM) model of Raaijmakers and Shiffrin was developed to explain these results; the new model postulates attention sharing among probe cues and the use of idiosyncratic strategies for free recall from natural categories.
A number of researchers have begun to explore the ways in which strategies are used to organize and carry out the process of retrieval from memory. We shall focus on two issues: the effect of strategy on overall recall level and on the shape of the cumulative output function. A second focus of this work is theoretical. Strategies are an explicit part of the search of associative memory (SAM) model of Shiffrin (1980, 1981) . We use the data to test this model and use the model to interpret the data.
Three experiments were carried out to investigate properties of various strategies, including alphabetic recall and free recall. Experiments 1 and 2 required generation of members of a natural category. Experiment 3 involved presentation of a list of items comprising a subset of the Experiment 1 category members. In some conditions of Experiment 1, strategies were explored further by presenting some items from the category as part-category cues.
In a task requiring generation of members of a natural category, Walker and Kintsch (1985) found that subjects, after rapidly generating three or four members, tended to recall more slowly, through the generation and use of a series of personal idiosyncratic cues (such as episodes from the subject's life involving the category in question). Williams and Hollan (1981) identified several search strategies used during the recall of names of high school classmates. These included location, activities, name generation, pictures, and general association. Whitten and Leonard (1981) had subjects recall the names of their teachers from grades 1 to 12 in forward, backward, or ranPortions of this work were presented at the 16th Annual Mathematical Psychology Meetings, Boulder, CO, August, 1983 , and the 24th Annual Psychonomic Society Meetings, San Diego, CA, November, 1983. This work was supported by Public Health Service Grant MH12717 and the Indiana University Waterman Research Award to Richard Shifirin.
Correspondence concerning this article should be addressed to Richard M. Shiffrin, Psychology Department, Indiana University, Bloomington, Indiana 47405. dom order. Several strategies were identified. These included a subject-enumeration strategy, location, and major events in a student's life. (See also Strube, 1984; and Williams & SantosWilliams, 1981 , for related findings.) The personal, idiosyncratic character of these strategies should be noted.
It is important to ask whether such varied strategies are also used in recall of items from recently presented lists. The strategy proposed by Shiffrin (1980, 1981) for free recall from lists differs from these. In their model, context is used as a cue until an item is recovered. Then context and this item cue are used as a joint cue. Recovery of a new item displaces the old one in the probe set. If this does not occur within some number of failures, search reverts to context only.
Given that subjects sometimes use special search strategies, one might ask whether the choice of strategy affects the level of recall. Tulving (1962) had subjects study a list for three studytest cycles, and then told the subjects in the strategy group to organize their recall alphabetically. This manipulation had little immediate impact (on Trial 4), but recall on Trials 5 through 11 was higher for the strategy group than for the control group. In this experiment, encoding and retrieval effects were confounded. Earhard (1967) tried to separate these effects and argued from the results that the alphabetic advantage was primarily due to retrieval effects. Indow and Togano (1970) had a Japanese student recall cities in Japan in a north-to-south order. In this case a linearly increasing cumulative output function was found rather than the usual negatively accelerated function. Eventually, of course, a linearly increasing function must surpass a negatively accelerating growth function.
Within the context of a search model, the major factor that produces a negatively accelerated output function is the resampling of already recalled items during the course of search. Assuming that the search process consists of sampling items from memory with replacement, the probability of sampling an item already sampled will increase as the search continues. Shiffrin (1970) pointed out that one might expect more linear output curves when an ordered strategy is used, because the systematic changing of cues tends to reduce resampling. We therefore ex-pect to see a more linear output of items when a strategy is used that is more ordered (like an alphabetic one).
The strategy proposed by Shiffrin (1980, 1981) for recall of lists of random items is relatively unordered. The cues that are used are either general context cues, applying to all the items on the list, or item cues that are uncovered during the course of retrieval itself. One way to explore the use of item cues is to provide the subject with some list items at the outset of the recall period. This is known as part-list cuing and was studied originally by Slamecka (1968 Slamecka ( ,1969 ; see Raaijmakers and Shiffrin (1981) for an empirical review and theoretical analysis. In this paradigm, a list of X items is presented, and then a randomly selected subset of these items {Y of them) is given to the subject at the start of recall, supposedly as helpful cues for recall of the remaining X -Y critical items. Surprisingly, recall of the critical items is inferior to the recall of those same items in the control group, for whom no cues are provided. Brown (1968) has shown that a related effect can be produced in recall from semantic categories. Because our first study was designed to study the effect of strategy upon generation from categories, we decided, in addition, to see whether the part-list effect would interact with type of strategy.
Experiment I

Method
Subjects. Subjects were 144 Indiana University undergraduates participating for course credit. Five groups of sizes 20 to 60 were used.
Materials. Twelve categories were selected from the norms of Battig and Montague (1969) . These categories had 35 to 60 members named by 10 or more of Battig and Montague's subjects, and all could be organized in terms of size. The 12 categories were (a) four-footed animals, (b) kitchen utensils, (c) furniture, (d) fruits and vegetables (combined), (e) weapons, (f) sports, (g) musical instruments, (h) birds, (i) types of transportation, (j) cities of the world, (k) fish, and (1) toys or playthings. All categories had at least 100 members, excluding slang or obscure items (except musical instruments, which had about 90).
Three cue sets were selected from each category. The 18 most frequently named associates (of eight letters or fewer) were assigned to the common cue set. From the lower third of the top 100 listing, 18 items were chosen and assigned to the rare cue set. The mixed cue set consisted of 9 randomly selected words from the common cue set and 9 from the rare cue set. Unlike the common and rare sets, the mixed set varied in composition between subjects as a result of random sampling.
Response booklets. Each subject received a 13-page booklet containing a cover sheet of instructions and 12 response sheets. At the top of the left side of each response sheet was a three-line instruction regarding what strategy to use and how to proceed. Below that was the category name. Lined up in two columns of nine below the category name were the cues (if any). The positions of the cues were random. Along the bottom half of the page were the numbers 1 through 40 in four columns of 10.
Procedure. There were four cuing types: (a) common, (b) rare, (c) mixed, and (d) no cues. There were three retrieval strategies: (a) alphabetic, (b) size, and (c) free. The four cuing types crossed with the three retrieval strategies produced 12 experimental conditions. Each subject received all 12 categories and all 12 conditions according to a 12 X 12 Latin square. This assured that each category appeared once with each condition, and the assignments were permuted across subjects.
For the alphabetic strategy, subjects were to start with A and write down all the category members they could think of beginning with A.
At their own pace, subjects proceeded through the alphabet, recycling if they got to Z. For the size strategy, subjects were instructed to begin with the physically smallest category members, gradually generating category members of increasing size. Of course, what constituted small, large, and so on was the decision of the subject. When items were recalled that did not currently match the strategy (e.g., did not correspond to the letter being used as a cue), subjects were told to write them down nevertheless. The alphabetic and size strategies were explained and demonstrated via examples. Subjects were instructed to follow the assigned strategy for that complete trial. Subjects in the free condition were encouraged not to use a size or alphabetic strategy.
Subjects were told to write down as many members of the category as they could in 3 min, excluding cues (if they were provided). Subjects wrote category members on the response sheet and therefore could at any time review the cues or words already written. No instructions that concerned the way in which the cues were to be used were given other than statements encouraging the subjects to use them to help improve their recall.
The time course of output was monitored in the following manner The interval began when the experimenter instructed subjects to turn to the next page. For the first minute the experimenter called out numbers at 10-s intervals. For the final 2 min a number was called out every 30 s. The number was to be written beside whatever word was last recalled. A short break for questions followed generation from the first category.
Results
One subject was eliminated for failure to follow instructions and was not replaced. After completion of the experiment, it was discovered that 9 subjects had inadvertently received the same condition twice and were therefore missing one condition. These subjects had their second occurrences removed, and for the purposes of statistical analysis the missing data points were replaced with the overall mean for the missing condition. (The data without such replacement were not noticeably different.)
To have valid comparisons, an identical set of items must be scored for all conditions. A set of critical items was therefore denned to consist of all category members that were never used as cues in any condition. When words were produced that were not in the norms of Battig and Montague (1969) , the experimenter judged whether these were category members. There were approximately two of these items per condition. It is not clear what dominance (typicality) value these items should be given. Also, because of the way the data were recoded later, initial letter information was not preserved for these items. Therefore, the dominance data and the analysis concerning letter information are based only on critical items listed in the top 100 of the norms. However, the analyses of cumulative output include all critical items (restriction to the top 100 items made no important difference, except of course to lower the recall functions).
All significance levels to follow are p< .001 unless otherwise stated. In the top panel of Table 1 are given the mean critical items recalled at the end of 3 min for each condition. A twoway analysis of variance (ANOVA) showed a significant effect of cue set, FIX 426) = 8.03, and strategy F(2, 284) -106.3. The interaction did not reach significance; F(6, 852) = 0.67, p < .5.
Simple effects tests among the three cue sets showed no differential effect of cue type for a given strategy: size, F(2, 284) = 1.32, p < .25, alphabetic, F\2, 284) = 0.38, p < .5, free, Thus, a cued inhibition effect was observed, consistent with prior research: No cues resulted in higher critical item recall for each strategy. In addition, there was no difference among the three cue types in terms of final cumulative output. In fact, there was little difference among cue types in any analysis we carried out. For ease of discussion, therefore, we shall average across the cue types in the analyses to follow. There was a general recall deficit for the alphabetic and size strategies (which did not differ) compared with the free strategy. This strategy effect will be one focus of the theoretical work to follow.
In Figure 1 are given the cumulative number of critical items recalled for the cues average and the no cues conditions for each strategy (left and center panels respectively). In the right panel is cumulative recall of all items for the no cues conditions. (The theoretical fits shown will be discussed later.) These functions are still growing rapidly after 3 min. Many of the numerical equations designed to fit cumulative functions require growth to an asymptote, and therefore might not be expected to fit the present data very well. Indeed, fits of exponential functions (Bousfield & Sedgewick, 1944) , hyperbolic functions (Gruenewald & Lockhead, 1980) , and the Weibull function (Indow & Togano, 1970) did not prove adequate. (The same conclusions hold for Experiment 2 and the alphabetic and size conditions of Experiment 3.)
The number of items recalled varied as a function of category dominance. Category dominance is based on the number of times an item was named as a category member by Battig and Montague's (1969) subjects. In Figure 2 is given the proportion of total critical item recall from a given 10-item dominance interval (average dominance value for a given interval is given on the abscissa). In the top panel are the no cues curves, and in the bottom panel is the function averaged over the three cue types for the three strategies.
To determine how well subjects follow an alphabetic strategy, it is useful to compute the average proportional output position of an item and to graph these according to initial letter. Equation 1 was used to calculate this measure:
where P op is the proportional output position and Zj is the serial position of item i in the subject's total critical recall T. For example, if an item was recalled as the first of nine critical items (Zi = 1, T = 9), the output position for that item would be. 10. All critical items recalled received such scores, and these were then averaged across all items beginning with particular first letters. A low score signifies an earlier (relative) output position.
In Figure 3 is the average proportional output position of critical items averaged across adjacent groups of first letters (so that approximately equal number of recalled words came from each interval). The top panel shows the no cues functions, and the bottom panel shows the cues average. In the alphabetic strategy, output position is an increasing function of letter position. No effect is found for the size and free strategies.
Discussion
The part-list cuing effect was replicated as a part-category cuing effect (see Brown, 1968; Roediger, 1973 Roediger, , 1974 Roediger, Stellon, & Tulving, 1977; Rundus, 1973) . There was an approximately 12% cuing decrement. Note that there is no differential effect of strategy on the size of the part-category effect. It could be argued that (especially with a short recall period) the inhibitory effect of the cues was due to lost search time spent reviewing the cues. This explanation is one of many that have been proposed for the part-list effect (see Nickerson, 1984; Raaijmakers & Shiffrin, 1981) , although it has been found wanting in the episodic domain (see Mueller & Watkins, 1977) . The present results do not allow the various explanations to be differentiated. The SAM model predicts such part-list effects, as will be shown below.
The category dominance data of Figure 2 and the proportional output position data of Figure 3 illustrate some properties of the various strategies. The output position data demonstrate that subjects were able to follow alphabetic cues in the alphabetic strategy. Also, category recall is a decreasing function of dominance. The size of the dominance effect was similar for all strategies. Apparently, an alphabetic search does not interfere with the dominance relations within the category, although through strategic manipulations we can modify the order in which those items are retrieved. Indow and Togano (1970) showed that a systematic strategy could produce an almost linear cumulative output function. Walker and Kintsch (1985) showed that recall could be quite linear when "script-like" materials were to be recalled. Our results appear to exhibit a shape between a negatively accelerated and a linear function, and are similar in all conditions. The alphabetic (and size) functions possibly are less linear than they would be otherwise because the subjects often reported cycling through the alphabet several times, increasing the possibility of resampling.
One characteristic of an ordered retrieval strategy is its more gradual approach to asymptote. There exists the possibility that the alphabetic (and size) disadvantage seen in Experiment 1 is the result of insufficient recall time. Experiment 2 was designed to address this issue, and to replicate the present results under somewhat better controlled conditions of response collection.
Experiment 2
Method
Subjects. Subjects were 48 Indiana University undergraduates participating for course credit. There were nine groups of sizes 4 through 6. All subjects participating did so with the understanding that they must possess some basic typing skill.
Procedure. Four categories were selected from among the 12 used in Experiment 1. They were chosen on the basis of having comparable levels of recall in Experiment 1, and minimum of overlap. They were (a) four-footed animals, (b) sports, (c) fruits/vegetables (combined), and (d) birds.
Experiment 2 was simplified by dropping the cuing manipulation and eliminating the size strategy.
Subjects were asked to generate as many members of the category as possible in 12 min. For two of the categories, this was according to an alphabetic strategy, and for the other two, subjects were given the same free recall instructions as in Experiment 1.
Although subjects knew they would always receive 12 min to generate items from a category, for two of the four categories, they were instructed to start recall as if they only had 3 min, as in Experiment 1 (the 3/9 condition). For the alphabetic strategy in the 3/9 condition, subjects were asked to get through the alphabet at least once in 3 min, and at least once more in the remaining 9 min. When the 3-min period was completed, subjects were to use the letter they were on and continue the instructed strategy. Across subjects, the four categories appeared equally often with each response time X strategy type combination. The test order of these category/response time/strategy type combinations was random.
Subjects were seated in individual booths. The experiment was controlled by a DEC 11/34 computer. To signal the beginning of a trial, a tone sounded followed by the word READY on the CRT screen. Three seconds later the category and strategy appeared on the top line of the screen and remained there throughout the course of the trial. Also on the screen was the time left in this trial. For the 3/9 condition, this time started at 2:59, and went to 8:59 after reaching 0:00.
For the alphabetic strategy, adjacent to the running clock was a letter (initially the letter^). Subjects were to keep this letter current with the letter they were using as a cue. Subjects could progress through the alphabet at their own pace (and recycle) by pressing a special key. This enabled us to monitor the subjects' use of the letter cue to a far greater degree than in Experiment 1. They could only change to the next letter before they began typing a word, not once they had begun typing it. We wished to discourage subjects from matching letter cue to word as a postretrieval process. Subjects were allowed to type in words whose initial letter did not match the current letter cue (as in Experiment 1).
The running time (and the letter) was 2 lines below the screen location where the next word was to be typed. All words remained on the screen (in up to four columns of 20) for the entire 12 min. A 30-s pause separated trials. Two 2-min alphabetic practice trials served to familiarize the subject with these procedures and instructions.
Results
A two-way ANOVA of the 12-min recall levels (see Table 1 ) showed a significant main effect due to strategy, F\l, 47) = 33.29, p < .001; the free strategy was superior to the alphabetic. The response time main effect and the interaction were not significant, FiU 47) = .02, fU, 47) = -19, respectively. The cumulative output functions collapsed over the response time manipulation are given in Figure 4 . We can assess the degree to which subjects were able to follow the alphabetic instructions by plotting incorrect alphabetic recall as a function of time. Incorrect alphabetic recall is characterized by the typing of a word that does not match the letter being used as a cue (as indicated on the subject's CRT). This function can be seen in Figure 5 . A second way to examine alphabetic recall is the alphabetic accuracy (correct alphabetic recall divided by total recall) as a function of the subject's rotations through the alphabet. Here we see .72, .46, and .55 as levels of accuracy for rotations 1-3. (The number of subjects contributing decreased as the number of rotations increased.)
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In Figure 6 is given the dominance effect, collapsed over the response time manipulation.
Discussion
Experiment 2 replicated the strategy effect of Experiment 1. The free strategy advantage seems to remain relatively constant from approximately 5 min on. The functions have not yet reached asymptote, even after 12 min. Therefore, no definite conclusions can be drawn about asymptotic performance levels. We doubt that extending the recall period even further would be of much use, because the subject might tend to switch strategies during a sufficiently long recall period. As in Experiment 1, subjects were able to follow an alphabetic strategy, although in Figure 5 we see that the probability of incorrect alphabetic recall increased with time spent recalling. Nevertheless, the probability of incorrect alphabetic recall is far below what we might call chance (25/26 = 96%), assuming a word is equally likely to begin with any letter). Experiments 1 and 2 showed alphabetic and size recall to be considerably inferior to free recall, but with roughly similar forms of the cumulative output functions in all cases. Perhaps free recall involves use of idiosyncratic strategies that provide a roughly ordered sequence of cues somewhat superior to alphabetic or size cues. Perhaps when a subset of items from a category is presented in a list, recall according to semanticalry generated idiosyncratic cues is less efficient, because many of the items generated by the idiosyncratic strategy may not be from the subset. The cumulative output functions in the free and alphabetic conditions might prove dissimilar in list recall. The list strategy used in the free condition (in place of an idiosyncratic strategy) will result in resampling and lead to a bowed cumulative output function. This is because the list strategy provides for no systematic changing of cues, being largely context based, and context being connected to all the items on the list. Experiment 3 was designed to investigate this possibility. (Experiment 3 preceded Experiment 2 chronologically, but is presented last for purposes of the argument.)
Experiment 3 720
Method
Subjects. Subjects were 29 Indiana University undergraduates participating for course credit. There were nine groups of size 3 or 4. All subjects participating did so with the understanding that they must possess some typing ability.
Procedure. The same 12 categories were used as in Experiment 1.
Twenty-five items between the 2 5 th and 75 th positions in the dominance range were selected. This was the approximate critical range as denned for Experiment I. Items were not used if they could be considered as belonging to more than one of the categories. Subjects were seated in individual booths. Presentation was on a CRT screen controlled by a DEC 11 /34 computer. Prior to the presentation of each list, the category name was presented for 2 s. The 25 words were then presented at a 2-s rate, blocked by category. There was a 30-s pause between lists before the category name for the next list was presented. All 12 lists were presented before subjects recalled any lists. No mention was made of the strategy manipulation until recall was to begin. We wished to study the effects of strategies on retrieval only. Each subject received a different random order of the 12 category lists, as well as a different random order of the 25 items within that list.
After all lists had been presented, subjects were informed that they were to recall from an assigned category according to a particular strategy (alphabetic, size, free, or serial order). (The serial order strategy required subjects to begin recalling the earliest item from the list and progressing through to the last item.) The strategies were explained and examples given. A subject used each of the four strategies three different times (for different categories), in random order. Subjects were told to recall only the presented items from the cued category, according to the strategy given for that trial. They were instructed, as in Experiments 1 and 2, not to inhibit their recall. There was a 30-s pause after each recall phase and a 1 -min break after the sixth recall.
Results
A one-way ANOVA showed no differences among final recall levels for the four strategies, i^3,84) = .73,/? < .5 (see Table 1 ). In Figure 7 are given the cumulative output functions for the four strategies. The alphabetic curve is the most linear; the free function, the most negatively accelerated.
In Figure 8 is the dominance effect for each strategy. The effect of dominance was much smaller than that observed in Experiment 1 for items from the same range. In Figure 9 is given the proportional output position as a function of letter interval for each strategy. The letter intervals were chosen so that an approximately equal number of possible to-be-recalled words came from each interval. (The basic result is unchanged if the same seven-letter intervals are used as in Experiment 1.) An increasing function was found for the alphabetic strategy.
An analysis of serial input position was carried out analogous to that in Figure 9 and showed that subjects had difficulty following the serial order strategy. The proportional output functions were essentially flat for all strategies. Perhaps serial position information is not available at end-of-session testing (see Burnside, 1975) . When we calculated a serial position function giving the probability of recall for each serial input position, we indeed observed a flat function.
In a separate experiment, size ranking were obtained from 14 subjects for the materials of Experiment 3. For each word an average rank between 1 and 25 was calculated. Items were placed into one of eight size intervals, and proportional output position functions were computed (see Figure 10 ). The size strategy shows a trend toward the smallest category members being recalled first.
Discussion
In contrast to the strategy deficit and similarity in shape of the cumulative output functions found in Experiments 1 and 2, in this experiment, we observed no difference among final recall levels but differences among the shapes of the cumulative output functions. The cumulative output function with the strongest linear component is the alphabetic one. The differing patterns between Experiments 1 and 2 and Experiment 3 suggest a possible difference between the strategy used in episodic tasks and that used in semantic tasks. This could be due to inefficiency of the idiosyncratic strategy in the episodic task, leading to choice of a different strategy. We shall return to this question later.
Recall that the items used in Experiment 3 were drawn from the critical items of Experiment 1. Therefore, we might have expected as steep a dominance function in Experiment 3 as in Experiment 1. Gillund and Shiffrin (1984) have suggested that context coding is independent of item frequency (or dominance in this case) in an episodic experiment. If we assume that the dominance effect is attributable to category strength only, and that context cuing displaces category cuing to some degree in an episodic experiment (as it must to limit the search to items on the list), we would expect a diminished dominance effect. 
A Model for Strategic Recall of Categories and Lists
The data from these studies provide a fairly extensive base for model building. We choose to adopt the SAM model of Shiffrin (1980, 1981) because it has been designed to incorporate strategies of recall. Indeed, several researchers have used SAM to model recall strategies (e.g., Strube, 1984; and Walker &Kintsch, 1985) .
We wish to emphasize the theoretical implications of the results without losing the reader in the details of the SAM model. (The interested reader should refer to Raaijmakers & Shifirin, 1980 After some necessary background, we shall proceed to the model used to fit Experiments 1 and 2. After presenting the model, we shall then describe briefly how this model differs from Raaijmakers and Shiffrin's formulation, and what modifications were rejected along the way. Then we shall turn to the model for Experiment 3.
According to the SAM model, the items to be recalled are stored in long-term memory as images (a unitized collection of information). These images are accessible via cues that may be used to probe memory. Cues for generation from a category include category, members of the category, and strategy cues associated with an instructed or self-generated strategy (e.g., an alphabet letter). These cues are connected to the images by retrieval strengths. Retrieval is organized by a retrieval plan and takes place as a search. On each cycle of the search, cues are chosen and used to probe memory; an image is sampled, and the information in the image assessed in a process called recovery. Then recall may occur, and the next search cycle commences.
According to SAM, sampling operates according to Equation 2, in which 5(0* , 1*) represents the retrieval strength from cue Oj to image Ij.
Once an image is sampled, the probability of naming the item in the sampled image, assuming that the image has not been sampled earlier in the search, is given by Equation 3.
In both Equations 2 and 3, the Wj S are attention weights assigned to the cues in the probe set. There is a limited retrieval capacity such that SWJ = 1.0 for any group of cues in a given probe.
When an item has been sampled unsuccessfully earlier in the search, the recovery probability (Equation 3) is based only on the retrieval strengths for cues that were not involved in earlier, unsuccessful retrieval attempts.
1
To apply the model, we require four factors: 1. A listing of all possible cues and all possible memory images.
2. The retrieval strengths from each cue to each image (the retrieval structure), given in matrix form.
3. The retrieval strategy: (a) the cues and cue weightings used to begin the search, (b) the rules for cue generation and cue weighting conditional on the current history of the search (items recovered, success of cues used, failures encountered, etc.), and (c) rules for search termination.
4. A rate of search (seconds per search cycle). To apply the model to Experiments 1 and 2, we let the set of images consist of the top 100 items in the Battig and Montague (1969) norms. The possible cues consisted of (a) a category cue, (b) 26 letter cues, (c) 26 idiosyncratic cues, and (d) the 100 members of the category.
The retrieval strengths between these cues and the images obey the following assumptions: We assume category to image strengths are a function of category dominance. A somewhat arbitrary function was chosen as follows:
In Equation 4, a(o) is the retrieval strength for an item with ordinal dominance o (1 = highest); a u is an upper bound for the category strengths, and r is a parameter governing the steepness of the function. For item-to-item strengths, the 100 images are partitioned randomly (for each simulation run) into clusters, uniformly varying in size from 1 to 7. Item-to-item strengths within clusters are b, except for an item's strength to its own image, which is c. Item-to-item strengths between clusters are d. A letter's strength to an image beginning with that letter is Lm, and to images beginning with other letters is Ln (m for match and n for nonmatch). An idiosyncratic cue's strength to an item matching it is /m, and to an item not matching it is In, We assume that the subject uses idiosyncratic cues in the free strategy conditions, so that the retrieval plans in the free and alphabetic conditions are quite similar. The alphabetic plan operates as follows: The category and letter cues share equal weight (.5 each). When an item is recovered, it joins the cue set. The next probe of memory then consists of the category (always weighted .5 to keep sampling confined to the appropriate category) and the item and the letter (with estimated weights Wi and .5 -w\ respectively). If LMAX failures to recover an item occur, search reverts to category and letter as before. If a new item is recovered prior to LMAX failures, it replaces the old item, and the failure counter is reset. Independent of the item failure counter is one for letters, /MAX-When 7MAX failures accumulate using a particular letter cue, the model switches to the next letter. Recall continues until time expires, at a rate of s A seconds per search. In free recall, idiosyncratic cues are assumed to play the same role as alphabetic cues in the alphabetic condition. For simplicity, the distribution of idiosyncratic match and mismatch cues to images is assumed to be identical to that of letter cues (albeit with different strength values). The search rate is allowed to be different: s? seconds per search, as is the idiosyncratic cue failure counter, / MA x.
In the part-category conditions, it is assumed that the partcategory sets consist of the top 18 members, the bottom members (the members from 83 through 100), or the top 9 and bottom 9 from each of these sets. Each provided item cue is used in turn (with category and letter) until L MAX failures accumulate; when and if all provided cues are used, the model reverts to the search as just described, starting with category and letter. Note that the provided cues take precedence over any new items that are recovered (unlike the situation in the noncued conditions).
The model was fit to the data by using a modified Simplex program to identify a point in the parameter space providing a satisfactory fit according to a weighted sum of squared deviations criterion. For each set of parameter values, pseudodata were generated for a large number of simulation runs (up to 1000), and averaged to produce the predictions.
The best fitting parameters in Experiment 1 were as follow. 3. Search rates: s F = 2.04, s A = 3.21. 4. Cue weights: W\ = .22 and . 17 in the alphabetic and free conditions, respectively, the letter and idiosyncratic cue getting the remaining weight.
We do not wish the reader to get bogged down with the particulars of the parameters. Although there are quite a few, we feel each one serves an essential and unique purpose and could potentially be isolated and tested in appropriate studies. What we want to emphasize, however, is the principle of cue weighting and the use of an idiosyncratic strategy in the free conditions. Many model variants were fit to the data. Details cannot be given in this article because of space considerations, but the models could not be made to work until both of these assumptions were made. Also, although we have carried out this work within the framework of the SAM model, these principles are not unique to this model. We feel that these are general psychological processes that an explanation of these data should incorporate.
The fit of these models to the cumulative output functions from Experiments 1 and 2 is given in Figures 1 and 4 . The lower level of the alphabetic predictions occurs because a relatively high weight is given to the alphabetic cue, which is weaker than the idiosyncratic cue. Nevertheless, the alphabetic cue must be emphasized to obey the instructions. Indeed, the predictions for Experiment 1 show a tendency to recall alphabetically, as illustrated in Figure 3 . The predictions for incorrect alphabetic recall for Experiment 2 did not conform as closely to the data, probably because the model does not include any mechanism for withholding output of items recovered that do not match the current letter cue. The model predicts the dominance functions of Experiments 1 and 2, as shown in Figures 2 and 6 . This is a direct consequence of Equation 4.
The parameter values that were given earlier are not closely determined by the data. Alternative values of some parameters often give rise to predictions almost as good, when appropriate adjustments are made to the remaining parameters. For example, the search rates for the free and alphabetic conditions were set equal to each other, and the model parameters were re-estimated. The common rate was estimated to be 2.07 in Experiment 1 and 2.87 in Experiment 2, and the resultant predictions were virtually as good. Nevertheless, the model could not be made to fit the data until cue weighting and an idiosyncratic strategy were introduced.
What was the main difficulty with alternative models? Several problems surfaced. When the limited capacity assumption was removed (all weights set to 1.0), and the idiosyncratic strategy replaced by the more random strategy proposed in Shiffrin (1980, 1981) , the only cues were category cues, or category cues together with item cues, except in the alphabetic conditions, in which a letter cue was added to every probe set. (This represents a direct application of Raaijmakers & Shiffrin' s version of the model to strategies.) First, the model was unable to predict an alphabetic strategy deficit. Examination of the recovery equation (Equation 3 ) makes obvious why. Every cue set in the alphabetic strategy has an additional cue (the letter), resulting in a greater summed strength in the recovery equation, and a higher recovery probability relative to the free strategy (resulting in higher recall).
A second failure of this model was its inability to predict the part-category cuing results. The reason for this is that in the alphabetic cued condition, the current letter used as a cue will seldom match the first letter of the current provided item cue; hence, self-sampling will be reduced, helping recall. (Recall that the letter cue's connection to an item of a different letter, Ln, is small, making recovery less likely than for an item that matches the current letter cue.) In the noncued conditions, the item recalled will often match the current letter cue (because Lm > Ln means that a match is more likely to be sampled and recovered than a nonmatch). When this item is subsequently used as a cue, it will match the current letter cue, and self-sampling of this already recalled item will increase, harming recall.
Cue weighting, and the switch to an idiosyncratic strategy, were each tried separately. Both were improvements on the model which included neither, but each had its problems. Cue weighting could account for the alphabetic conditions or the free conditions, but not both with the same set of key parameters. Parameter values that could produce a large enough alphabetic disadvantage could not produce high enough recall in the free condition. For parameter values that could fit the free data, the alphabetic disadvantage could not be made large enough while still predicting the proportional output position data. The idiosyncratic model should have failed, because it differed only slightly from the alphabetic version of the first model we tried, and that model could not predict the part-category cuing effect. Indeed this was the case. Thus, it was only when cue weighting and an idiosyncratic strategy were used in combination that all the data could be fit.
Model for Experiment 3
Because Experiment 3 used lists, we assumed that a list context cue was part of every probe set, always with weight .5. All images had strength a to this context cue. We assumed that for the free strategy condition, the strategy matched that proposed by Shiffrin (1980, 1981) for this same condition. Namely, search begins with context and category cues (weighted .5 each); when an item is recovered, W\ weight is taken from the category and given to the recalled item, which is used until LMAX failures accumulate (in which case search reverts to context and category), or until a new item is recalled (in which case the new item replaces the previous one in the cue set, and the failure counter is reset). In the alphabetic conditions, a letter cue is part of every cue set. When no item is used as a cue, the context weight is .5, and category and letter have .25 each. When an item is used, context = .5, category = .1, item = w\, and letter -.4 -w t .
The parameter estimates for this model are a = .376 (context), b = .438, c = .230, d = .0128, Lm = .376, Ln = .00001, s A = 3.1, s F = 1.8, L MAX = 7, and JMAX = 4. For the free strategy, w t = .44; for the alphabetic strategy, W\ = .17, Category strength is the same as for Experiment 1. Fits to the cumulative output functions (Figure 7) , the dominance effect (Figure 8) , and the output position by letter (Figure 9 ) are all quite good. The key factor giving rise to the good fit is the change in the free strategy assumption. When we tried a model in which idiosyncratic cues were used in the free conditions (as was assumed for Experiments 1 and 2), the data could not be fit by the model. Such a model produced too linear an output function and produced greater free recall than alphabetic recall.
General Discussion
Generation of members from natural categories, with or without category cues, and with or without instructed strategies, required two modifications of the SAM model that had been applied previously to list recall (Raaijmakers & Shiffrin, 1980 . Both an assumption of limited retrieval capacity (in the form of a limitation on cue weights) and an assumption that free recall involved the use of an idiosyncratic strategy were required.
Experiment 3 could not be modeled in the same way with the same strategy assumptions. Rather, it had to be assumed that the idiosyncratic strategy was not carried over to the episodic setting. (Of course, it is possible that some other kind of idiosyncratic strategy, a less efficient one that also involves much resampling, operates in Experiment 3.)
Why would an idiosyncratic strategy be abandoned? Some idea may be gained by considering the gains to be expected if idiosyncratic cues are used in Experiment 3. For simplicity, assume that a totally semantic strategy is used to generate category items, which are then checked for list membership. Furthermore, assume that the list membership check is error free, in order to set an upper bound on performance for this model.
To take one example, in the no cues-free strategy condition of Experiment 1, approximately 9 out of a possible 64 critical items were recalled in 3 min. Because Experiment 3 materials were taken from this same range, 25 of 64 (39%) of the critical range items were on any given list. Thirty-nine percent of 9 items translates to 3.51 items generated by the strategy being considered. Actual recall in 3 min in Experiment 3 was much larger (almost 6 items), so the idiosyncratic strategy would be quite inefficient. Of course, this argument does not rule out the possibility that such a strategy might be used in a supplemental fashion, perhaps late in search.
Such arguments suggest that the usefulness of idiosyncratic strategies will depend on procedural details of an episodic study. For example, if a high proportion of the category members is actually presented on a list, an idiosyncratic strategy might prove much more effective. Further research will be needed to explore this possibility.
In summary, we have found a recall deficit in a free-emission, semantic task (Experiments 1 and 2) for an alphabetic and size strategy, with similarly shaped output functions among alphabetic, size, and free strategies. In an episodic task (Experiment 3), final recall levels did not differ among strategies, although the shapes of the growth functions did. Our model explorations have supported the principle that limited capacity governs cue combinations during retrieval: Adding cues to a probe of memory entails costs that must be taken into account. In addition, the modeling has suggested that category free emission involves idiosyncratic strategies, strategies that tend not to be adopted when only a small number of category members are presented as a list. The use of an idiosyncratic strategy produces better cues than those provided by an alphabetic strategy; therefore, the idiosyncratic recall level is higher. Because both strategies provide ordered cues, the shapes of the output functions should be relatively linear, a result of reduced resampling. An idiosyncratic strategy is not effective in Experiment 3, and the use of a strategy that does not produce ordered retrieval cues leads to resampling and a bowed output function for the free strategy.
